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Plutonic rocks of Cape Ann ranging from gabbro through
granite to feldspathoidal syenite were described by Washington
in 1899 (p. 463) as belonging to the "Petrographical province
of Essex County, Massachusetts".
Later workers, although us
ually recognizing the close relationship of these rocks, have
divided them into a number of named units, i.e., Nahant Gabbro
(Clapp, 1910; equivalent to Salem Gabbrio-diorite, LaForge,
1932), Salem Gabbrio-diorite (Clapp, 1910, 1921; Emerson, 1917,
Laforge, 1932); Beverly Syenite (Clapp, 1910, 1921; Emerson,
1917), Cape Ann Granite (Warren and McKinstry, 1924, equiva
lent to Quincy Granite, Clapp, 1910, Emerson, 1917), Squam
Granite (Clapp, 1910; related to granite of Cape Ann, Emerson,
1917), Cherry Hill Granite, and Wenham Monzonite (Toulmin,
1964). Note only have distinct units been named, but they
have been ascribed widely different ages because of their in
trusive relations.
However, recent field and petrographic
study (Bell and Dennen, 1972), spectrochemical analysis of
some of the same minerals from the mafic and salic phases
(Dennen, 1972), and studies of major- and minor-element chem
istry (Survant, University of Kentucky, Norton, 1974, and
Norton and others, 1975), make it apparent that Washington's
(1899, p. 464) assessment of these rocks as belonging to a
petrographic province, i.e., "... a region of igneous rocks
which possess in common certain characters, structural, nineralogical, or chemical, and in which the characters may vary
continuously from one end to the other of the series of rocks
represented" is correct and that separation into named strati
graphic units is unwarranted. The term "plutonic series in
the Cape Ann area", as proposed by Bell and Dennen (1972) is,
therefore, used herein, those named units having long historical
standing or showing clear cut intrusive relationships being
retained as facies.
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The various rocks of the Cape Ann area (Fig. 1) are as
semblages of similar minerals in differing proportions.
Feld
spars are typically greenish with a greasy luster; microcline
microperthite dominates in the salic phases and is a minor con
stituent of the related diorite. Mafic facies contain both a
pinkish titaniferous pigeonite and a pale-green augite; iden
tical augite is sparsely distributed in the salic phases.
Hornblende shows continous chemical variation, especially mark
ed for Fe/Mg, from early to late phases; the amphibole (hastingsite) is always iron rich, and in phases more salic than
gabbro, tends to be soda rich as well. Biotite of similar ap
pearance is found in both mafic and salic facies, being a more
common salic rocks constituent towards the west and southwest.
Mafic Rocks
Hornblende diorite, in part of the Salem Gabbro-diorite of
Emerson (1917) and Toulmin (1964), having a variable but often
well-oriented fabric and veined with pink felsic stringers,
borders the salic rocks of the Cape Ann pluton to the north,
west, and southwest.
It underlies Marblehead Neck, the west
ern part of Salem Neck, and Great and Little Misery, Eagle,
Coney, and Great Haste Islands and Gray Rock in the SalemBeverly area and forms a band between the Ipswich and Eagle
Hill Rivers in the Ipswich quadrangle. A large pendant is
found in the south-central part of the Ipswich quadrangle.
Large and small dioritic xenoliths are sparsely distributed
throughout the salic rocks, and distinctive gabbro porphyry
and anorthosite inclusions, characterized by large (as much
as 10 cm) white-weathering red-purple labradorite phenocrysts,
are found in several areas in the pluton--along Route 128 for
1.3 km southwestard from the Grapevine Road interchange, at
the Gloucester terminus of Route 128 and 1.1 km to the west,
and for about 6 km along the northwest shore of Cape Ann,
notably on Davis Neck.
The Salem Gabbro-diorite facies of the "Cape Ann plutonic
series" is a medium-to medium coarse-grained, texturally
variable, mottled black and greenish-white ferrohornblendebiotite diorite containing variable amounts of augite, pigeo
nite, and quartz. The rock consists of 55-65 percent plagio
clase as twinned andesine-oligoclase (zoned crystals An 3 5 and
An2o) an<3 untwinned albite or oligoclase, 5 percent potash
feldspar, 1-5 percent quartz, 0-25 percent pale-green augite,
0-10 percent pinkish titaniferous pigeonite, 10-30 percent
green pleochroic iron-rich hornblende, 0-10 percent reddishbrown biotite, and 1-5 percent opaque minerals as scattered
granules and exsolved blades in pyroxenes. Accessory apatite,
zircon, and sphene as grains and rims on opaque granules are
also present. Chlorite, iron oxide, and calcite are commonly
found as alteration products. Mafic minerals are always some
what poikilitic and commonly occur in zonally arranged aggre
gates that represent a reaction series from augite to biotite,
magnetite granules being dispersed throughout the aggregate.
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Biotite occurs as irregularly scattered flakes. The feldspars
are pale gray-green and have a greasy luster. The fabric is
irregular and uneven. The rock is often brecciated and cut
by salmon-pink felsic stringers.
Salic Rocks
Gray-green, white- to brown-weathering phaneritic salic
rocks ranging in composition from quartzose alkali granites
through alkali quartz syenites to alkali syenites and feldspathoidal syenites are the principal rocks of Cape Ann. They
are generally unfoliated and have an uneven hypidiomorphic to
subporphyritic texture. Crystal sizes range from 0.5 to 1 cm
for most facies, but the syenites are more variable and local
ly very coarse grained.
Syenites having crystal sizes of several centimeters,
sometimes containing nepheline and sodalite (the pulaskite and
umptekite facies of the Beverly Syenite of Washington, 1898,
1899; Clapp, 1921) form extensive masses along the BeverlyManchester shore and the adjacent harbor islands close to the
contact of the salic rocks with the Salem Gabbro-diorite.
Medium-grained trachytic syenite makes up Bakers Island where
it is a cognate igneous breccia containing ovoidal clasts.
Coarser trachytic syenite is also associated with the coarse
grained facies and is found as dikes intruding it.
The Cape Ann Granite facies is predominantly an unfoliated
fine-medium to coarse-grained (0.3 to 1.5 cm) leucocratic al
kali granite to alkali quartz syenite. Ranges and medians of
the principal minerals are: microcline microperthite 58-85
(63) percent, ^plagioclase (An5_]_2) 0-22.5 (2.8) percent, quartz
0-41 (24) percent, ferrohornblende 0.1-17 (4.5) percent, bio
tite 0-3.2 (0.8) percent, opaque minerals 0.2-7.5 (1.0) per
cent. Augite is occasionally present. Accessory minerals in
clude sphene, ziron, apatite, fluorite, allanite, magnetite,
and ilmenite. Feldspars in the unaltered rock are pale greengray, have a greasy luster, and weather to a faintly pinkish
tan or white.
Potash feldspar, the dominant mineral, is unually microcline micropherthite but sometimes is homogeneous mic
rocline; albite or oligoclase is present in minor qualtities.
Quartz is glassy, shows weak strain shadows, and contains dustsize inclusions.
Feldspar and quartz occur as large single
grains and grain clusters partly to completely surrounded by
finer grained interstitial quartz and feldspar. Ferromagnesian
minerals are variable in amount and occur as ragged clots, wisps,
single subhedral crystals, and zonally arranged reaction aggre
gates. Augite is colorless to pale green as a core partly or
completely surrounded by pale-green amphibole, darker green
hastingsite, and reddish-brown biotite; magnetic granuales are
scattered throughout the reaction aggregate.
Isolated crys
tals and clots of soda-iron amphibole, biotite, or both are
common. The rock typically has an uneven granitoid to subpor
phyritic fabric and often shows cumulate texture.
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*Subunits (lithotypes) of the salic facies of the "plutonic
series in the Cape Ann area" may be distinguished by
their modal quartz content as measured by point count
ing in the field and are seen to be arranged in irregular
northeast-trending bands.

The Beverly Syenite facies principally consists of unfol
iated medium-grained granitoid rocks, whose composition, except
for lack of quartz, is closely similar to that of the Cape Ann
Granite facies. These syenitic rocks are usually texturally
variable, often show small pegmatitic patches, and are rarely
flow banded. Textural extremes, essentially restricted to
the Beverly-Manchester shore and islands of Salem Harbor, in
clude very coarse grained (2-5 cm) granitoid and ophitic phases,
pegmatites, and medium-grained trachytic rocks (Bakers Island),
which often contain nepheline and sodalite.
Fine medium-grained monzodiorite (?), equivalent to the
diorite of Shaler (1889) and the Squam Granite of Clapp (1910),
forms an irregular ellipsoidal 1.3- x 4- km body trending N.
30°E. from Little River to Ram Island, Gloucester, and is
found widely scattered as inclusions throughout the other salic
facies. Field relations place this rock as post-Salem Gabbrodiorite and pre-Cape Ann Granite facies.
The Squam Granite facies is a fine- to fine-medium-grained,
medium-gray granite which weathers brown and has a highly sil
iceous appearance.
It is a texturally and mineralogically var
iable rock whose texture ranges from hypidiomorphic or allotriomorphic granular to subophitic and subporphyritic.
Plag
ioclase is present as anhedral to subhedral zoned and unzoned
equant or bladed grains variable in amount and composition,
ranging from less than 5 to more than 40 percent of the rock
and from about An 3 Q to An 5 5 - In subporphyritic varieties,
phenocrysts are more sodic than groundmass plagioclase (An3 Q
vs. An 4 g)• The potash feldspar may be orthoclase, microcline,
or microcline microperthite either alone or in combination
and ranges from a minor to the dominant constituent. Grains
range from anhedral to subhedral, equant to bladed, and fresh
to highly sericitized.
Zoning is fairly common. Anorthoclase
is often present as an accessory mineral. Quartz is in slight
ly strain-shadowed equant or interstitial glassy grains and
makes up 15 to 30 percent of the rock. Ferromagnesian minerals
compose from less than 5 to moe than 50 percent of the rock.
Poikilitic ferrohornblende and red-brown biotite are the prin
cipal dark constituents and are present in roughly equal quant
ities. Pyroxene (pigeonite) is rare and typically occurs as
unreacted cores. Accessories include apatite, zircon, opaque
minerals, sphene, allanite, and monazite.
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Lynn Volcanic Complex
Flow rocks, agglomerates, and pyroclastic rocks of the
Lynn Volcanic Complex (Clapp, 1910, 1921; Emerson, 1917; La
Forge, 1932) are found on Marblehead Neck and outer islands in
Salem Harbor. These rocks are usually dark purplish-red to
black felsites, originally glassy but now devitrified, dense,
and always porphyritic to some degree. Petrographic examina
tion and semiquantitative spectrochemical analysis indicates
that they are rhyolites. Closely spaced jointing yielding
small rhombohedral blocks is characteristic.
Thin layering is
often conspicious, contorted, and generally has steep dips.
Massive felsites to the south are succeeded northward by ag
glomerates and thinly flow-banded rocks; inclusions of mas
sive felsites in the more northerly units suggest that the
units top northward. The contact of these extrusive rocks
with rocks of the Cape Ann pluton is not exposed and is pro
bably a fault. Basalt porphyry and diabase dikes, believed
to originate from the Salem Gabbro-diorite facies, cut the
volcanic sequence, notably on Cat Island, whereas rhyolite
dikes similar in composition and appearance to the massive
and banded volcanic rocks cut various facies of the "Cape Ann
plutonic series."
If these tenuous associations are correct,
the Lynn Volcanic Complex represents an extrusive facies of
the Cape Ann pluton, as believed by Clapp (1921) and Toulmin
(1964).
Dikes
The rocks of the Cape Ann pluton are cut by many dikes,
which are closely related to the emplacement of the rocks of
the "Cape Ann plutonic series." The Cape Ann Granite facies
is the source of aplitic and pegmatitic dikes, usually narrow
and having irregular and gradational boundaries and typically
a simple mineralogical makeup. White-weathering aplites, peg
matites, and aplite-pegmatites are found only within the gra
nite and syenite facies, whereas pink felsitic dikelets are
characteristic of the Salem Gabbro-diorite facies. A wide
variety of medium- to coarse-grained trachytic and pegmatitic
syenite dikes arise from the Beverly Syenite facies and are
principally found in the Salem Harbor area, where they cut
syenitic and less commonly dioritic and granitic rocks. Mas
sive, banded, and porphyritic rhyolite dikes, which may be fe
eders of the Lynn Volcanic Complex, cut Cape Ann Granite from
Manchester to Rockport. Many mafic dikes having granular,
ophitic, and porphyritic textures (plagioclase phenocrysts)
cut all the rocks of the area. They are widely distributed
and locally may constitute" most of the exposed rock. Many of
these mafic dikes have been disrupted by movement of incom
pletely consolidated salic magma and are now seen as isolated
angular blocks separated by unfoliated granite. As these dikes
must have been emplaced before consolidation of the enclosing
salic rocks, a local comagmatic source such as an incompletely
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solidified, possibly immiscible subjacent gabbroic phase is
indicated.
Genetic History
Barker and others (1975) have presented a
for the genesis, emplacement, and composition
igneous rocks of which the "Cape Ann plutonic
bably representative.
Geochemical studies of
by Buma and others (1970) support the model.

consistent model
of a suite of
series'* is pro
Cape Ann Granite

In simple outline, a mantle-derived convecting olivine ba
salt magma reacts with potash-poor lower crustal rocks to yield
first a liquid of iron-enriched gabbro, then alkali diorite,
and lastly quartz syenitic composition.
In turn, these liquids
react with rocks of the intermediate crust to form large vol
umes of granitic magma.
Residua rich in ferromagnesian min
erals and calcic plagioclase and differentiated by crystal
settling are continuously generated.
Characteristically, the silicic rocks of representative
intrusive groups* are intrusive into older cratonic rocks under
anorogenic conditions as ring- or ovoid-shaped masses (removed
by erosion on Cape Ann) and associated with complex groupings
of gabbro, diorite, syenite, anorthosite, and minor aplite
and pegmatite.
*identified by Barker and others (1975) as rocks of Pikes Peak,
Colo., Cape Ann-Peabody area, Mass., younger granites of
Nigeria, Rapakivi massifs of southern Finland, and syenite
of Kungnat, Greenland.
Field relations of the exposed part of the "Cape Ann plu
tonic series", indicate that emplacement began with the intrus
ion of mafic magma, which crystallized to form the Salem-Gabbro-diorite facies. The wall rocks, as indicated by inclusions,
were a series of mafic volcanic rocks (?) and thin-bedded sed
imentary rocks, probably mainly siltstones.
Locally, a dis
tinctive gabbro porphyry-anorthosite roof phase is preserved
in the later salic intrusions.
This earlier intrusive pulse
was closely followed by the emplacement of a thin (+ 1000-m
sheet) of salic magma separated (at depth?) from a common re
servoir.
Settling of feldspar crystals from the salic magma
onto the subjacent diorite, possibly in response to lowered
pressure accompanying the extrusion of the Lynn Volcanic Com
plex (Toulmin, 1960), caused the early formation of coarse
grained granitoid and trachytic feldspathoidal phases. Con
temporaneous crystallization without crystal settling may have
generated the Squam Granite facies along the Annisquam River.
Crystallization of the salic magma continued, possibly coupled
with wall-rock assimilation and crystal settling, as shown by
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the common cumulate texture, in which the interstices between
subhedral feldspar grains are filled by quartz and hornblende.
Differentiation and reaction resulted in a large-scale rough
layering from quartz-poor basal to quartz-rich upper phases.
Magnetic and gravity evidence (Joyner, 1963; Kane and
others, 1972) indicate that the salic rocks of the Cape Ann
pluton are in the form of a rather thin sheet floored by a
denser and more magnetic body, probably Salem Gabbro-diorite.
The presence of pendants and xenoliths of Salem Gabbro-dio
rite in the salic rocks suggests that the salic rocks may be
an unroofed sill.
Intrusion of the salic magma caused local brecciation of
incompletely consolidated Salem Gabbro-diorite, and many mafic
dikes were squeezed from it to penetrate the salic mush, where
they were chilled by the slightly cooler granite and then dis
rupted by its continued movement. Extrusion-intrusion of this
kind combined with mafic-salic reactions may account for some
of the considerable composition variability of the Salem Gab
bro-diorite facies.
At some point in the consolidation history, most probably
early in the emplacement of salic material, felsic stringers
derived from the salic magma cut the dioritic rocks and pro
vided the matrix for cognate breccias in the gabbro-diorite.
Summaries of geochronologic data by Fairbairn and others
(1967) and Fairbairn (1971) suggest a convergence of the ab
solute ages measured by various workers to 450 m.y. (late Mid
dle Ordovician boundary) for the salic rocks of Cape Ann.
Zartman and Marvin (1971) gave an age of 450 + 15 m.y. for the
Salem Gabbro-diorite facies. Geologic evidence suggesting a
younger age for the "Cape Ann plutonic series" is based upon
the lack of regional metamorphism and its petrologic similarity
to Devonian and younger plutons in New Hampshire, Maine, and
Nova Scotia.
Faults
Topographic lineaments, magnetic interpretation (Barosh
and others, 1974; Barosh, oral communication), occasional off
set contacts, and some cataclasis indicate that the Cape Ann
area has undergone extensive faulting. The general sense is
an easterly continuation of the imbricate thrust zone of east
ern Massachusetts (Bell, 1967), the principal faults being
northeast-trending high-angle thrusts, west over east, which
usually have a dextral strike-slip component.
To the north, the bedrock in the Ipswich quadrangle is
divided by two major faults trending northeast into alternately
metamorphosed and unmetamorphosed terranes.
Several essentially
parallel lineaments marking probable faults cross the northwest
ern part of the Marblehead North quadrangle, the eastern part
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of the Gloucester quadrangle, and the Rockport quadrangle.
These faults appear to interact in a complex way with a group
of north-northeast-trending faults through the eastern part
of the Marblehead North quadrangle and the western part of
the Gloucester quadrangle.
Metamorphism and alteration
Metamorphic effects in the extensive area occupied by
rocks of "Cape Ann plutonic series" are restricted to garnetgrade thermal metamorphism of metasedimentary inclusions and
the development of porphyritic texture in the granite adja
cent to inclusions.
Postconsolidation hydrothermal activity
has locally produced a color change in the feldspars of rocks
of the Cape Ann pluton from their normal gray-green to pink
and has chloritized the ferromagnesian minerals.

The work described in this report was done
in cooperation with the Massachusetts De
partment of Public Works.
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ROAD LOG

Starting point is parking lot of Lynch Park on Woodbury
(Marblehead North 7-1/2-minute
Point, Beverly, Mass.
quadrangle).
Mileage
Cum.

S/S
inclusions,
STOP 1. Beverly
mafic dikes. Salem Gabbro-diorite facies at
Marblehead to south.

0

0

Road log begins.

0.6

0.6

Jet. with Rte. 127, turn R, follow Rte. 127
east.

2.8

2.2

STOP 2 . Church at jet. of Rte. 127 (Hale St.)
and Haskell St., Beverly Farms.
some
Quartzose Cape Ann Granite
cataclasis.
Follow Haskell St. (L turn at church).

3.8

0.5

Jet. Haskell St. and Grapevine Rd., turn L
(north).

5.2

1.4

Rte. 128 overpass.

5.9

0.7

STOP 3.

6.5

0.6

Jet. with Rubbly Rd., turn R (north).

7.2

0.7

Cross Essex St. (Rubbly Rd. now Woodbury St.).
Browns Hill to west is a drumlin. From here
to Stop 4, the route is across glacial till and
outwash which supports an active "horsey" areaMyopia Hunt Club, polo, etc.

7.8

0.6

Jet. with Bridge St., turn L (west).

8.7

0.9

Jet. with Rte. 1A (Bay St.), turn R (north).

9.2

0.5

Enter Ipswich 7-1/2 minute quadrangle.

11.2

2.0

STOP 4. Metasedimentary and mafic metavolcanic
rocks in west end of large pendant. To east,
pendant dominantly Salem Gabbro-diorite facies.
Appleton Farm to west continuously worked
since 1630.

Travel north on Ober St.

Large inclusion of Salem Gabbro-diorite
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13.3

2.1

STOP 5. Ipswich Common.
Contact breccia, clasts of mafic metavolcanic
rocks and possibly Salem Gabbro-diorite facies
in matrix of quartz-poor Cape Ann Granite fa
cies. Salem Gabbro-diorite facies is
as a 1.5 mile-wide northeast-trending band
north and west of Ipswich.
Retrace route south along Rte. 1A.

14.1

0.8

Jet. with Rte. 133 (Essex Road), turn L (travel
east.
Cross extension of large pendant (Stop 4) in
vicinity of Candlewood Golf Course.

15.9

1.8

STOP 6. Jet. with Island St.
Quartzose Cape Ann Granite facies, "s
mafic dikes.
Continue on Rte. 1A. Note view across salt
marshes to drumlins and dunes of Castle Neck.

19.0

3.1

LUNCH STOP.

Woodmans, South Essex.

II

Sea food,

Gloucester schooners were built on the tidal
inlets here until about 1930.
Continue on Rte. 1A.
19.1

0.1

Leave Rte. 1A, travel straight ahead on Southern
Ave.

19.4

0.3

Re-enter Marblehead North quadrangle.

20.7

1.3

STOP 7. Border phase of large inclusion of
Salem Gabbro-diorite facies in quartz-poor
Ann Granite facies. Road for next mile follows
low ground on strike of a thrust (?) fault.

22.2

1.5

Jet. with Rte. 128, turn east on clover-leaf
following signs for Rockport and Gloucester.
Note pink color of granite in this area caused
by hydrothermal alteration.

23.5

1.3

Enter Gloucester 7-1/2-minute quadrangle.

25.0

1.5

STOP 8. Mount Ann Park.
Quartzose Cape Ann Granite facies

26.6

1.6

STOP 9. Squam Granite facies. Fault trace from
Manchester Harbor along Boston and Maine RR
route (Lily Pond, Little River, low ground just
east of this point, Annisquam River and Loblolly
Cove.)
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29. 7

.1

Rte. 128 terminus, turn L on Rte. 127 (Eastern
Ave.). Travel through Rockport to Pigeon Cove.

30. 2

.5

Enter Rockport quadrangle.

34.2

.0

Pigeon Cove Forge. Take first right at north
end of Forge, then first left. Bear right at
all junctions.
The "Pigeon Cove Porphyry", a basalt dike
containing prominent plagioclase phenocrysts,
crops out in the parking lot of the forge, fol
lows the shore southward, cuts through Bearskin
Neck, and The Headlands east of Rockport.

35. 0

.8

STOP 10. Andrews Point.
Quartzose Cape Ann Granite facies encloses a
large xenolith, possibly Squam Granite facies.
Reaction has yielded some pegmatites. Annite
(Fe-rich biotite) type locality.
"Separated"
dikes.
Retrace route south through Pigeon Cove and
Rockport to Rte. 128 terminus.
To the west, especially on northern Cape Ann,
are many granite quarries, developed in Cape
Ann Granite facies rocks having rather uniform
textures and containing 15%-25% quartz. The
central part of the Cape, known as Dogtown Com
mon, is strewn with large glacial erratics.
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Re-enter Gloucester quadrangle.
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Eastern terminus, Rte. 128.

Optional side trip. Start at Rte. 128 terminus,
travel south on East Main St. towards East Glou
cester and Eastern Point.
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STOP 10A. Rhyolite dike cutting quartzose Cape
Ann Granite facies; dike shows banding and con
tains high-quartz forms.
Return to Rte. 128 terminus.
STOP 11. Eastern terminus of Rte. 128.
Inclusions of gabbro porphyry (labradorite
phenocrysts) in quartz-poor Cape Ann Granite
facies. One of the several "fields" of such
inclusions on Cape Ann.
Return to Boston via Rte. 128 and Rte.
Many exposures of Cape Ann Granite facies.
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